Objective: To investigate how patients with heart failure with preserved left ventricular systolic function (LVSF) compare with patients with reduced LVSF. Design: Cohort study. Setting: Urban university hospital. Patients: 528 index emergency admissions with heart failure during the year 2000. Information on LVSF and follow up was available for 445 (84%) of these patients. Results: 130 (29%) patients had preserved LVSF (defined as an ejection fraction . 40%). The median follow up was 814 days (range 632-978 days). The average (SD) age was 72 (13) years. Women accounted for 62% and 45% of patients with preserved and reduced LVSF, respectively (p = 0.001). Patients with preserved LVSF (compared with those with reduced LVSF) had a higher prevalence of left ventricular hypertrophy (56% v 29%) and aortic valve disease (mean gradient . 20 mm Hg; 31% v 9%). Fewer patients with preserved LVSF received an angiotensin converting enzyme inhibitor (65% v 78%, p = 0.008) or spironolactone (12% v 21%, p = 0.027). Anaemia tended to occur more often in patients with preserved LVSF than in those with reduced LVSF (43% v 33% for women, p = 0.12; 59% v 49% for men, p = 0.22). There was a similarly high prevalence of significant renal dysfunction in both groups (estimated glomerular filtration rate , 60 ml/min/1.73 m 2 in 68% with preserved and 64% with reduced LVSF, p = 0.40). Mortality was similar in both groups (preserved versus reduced 51 (39%) v 132 (42%), p = 0.51). Compared with patients with reduced LVSF, patients with preserved LVSF tended to have a lower risk of death or hospital admission for heart failure (56 (42%) v 165 (53%), p = 0.072) but a similar rate of death or readmission for any reason. Conclusion: Patients with preserved LVSF had more co-morbid problems than those with reduced LVSF; however, prognosis was similar for both groups.
R ecently, more attention has been paid to patients with heart failure (HF) who do not seem to have a major reduction in left ventricular systolic function (LVSF; usually indicated by an ejection fraction in excess of 40% or 50%). Some cohort studies of hospitalised patients have suggested that up to half of all patients may have this form of HF. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] To date, however, most of these studies have come from the USA. 4 5 8 10 11 13 In several, a substantial minority of patients were African American, and these were the majority in two studies. 5 Furthermore, these studies also reported a very high prevalence of hypertension and patients were relatively young (the mean age in one study was 54 years). The epidemiology of HF in Europe is quite different from that in the USA in respect of ethnic background and aetiology.
Few European studies had been reported until recently. 6 12 14 15 One was a single hospital study from Spain 14 and another was a large national survey of French hospitals conducted in 1997. 6 The French study, however, gave relatively little detail about patients with preserved LVSF. The epidemiology of HF may also differ in northern Europe. 12 15 Two studies are available from northern Europe but both are retrospective analyses of relatively old datasets and, as a consequence, describe patients receiving suboptimal treatment by current standards. Gustafsson and colleagues 12 described the characteristics and outcomes of patients with HF screened for a clinical trial in 34 Danish hospitals between 1993 and 1996, whereas MacCarthy and colleagues 15 described a cohort of ambulant patients with HF identified during 1993-95. Of the Danish patients, only 13% were treated with a b blocker and in the British cohort this proportion was 6%.
Recently, the EuroHeart failure survey has reported on HF with preserved versus reduced LVSF. 2 This study identified 10 701 consecutive patients discharged with HF over a six week period from 115 hospitals in 24 countries of the European Society of Cardiology. Information on LVSF was available on 6806 patients. Compared with patients with reduced LVSF, patients with preserved LVSF were slightly older (by four years) and more were women (55% v 29%). They were also more likely to have atrial fibrillation and hypertension. The EuroHeart failure survey is one of the first studies to describe treatment differences between patients with preserved and those with reduced LVSF. 2 However, other information on haematology, biochemistry (including renal function), and detailed echocardiographic findings was not provided. 2 Follow up was also limited to 12 weeks. We have studied the prevalence, detailed clinical characteristics, treatment, and long term outcomes of patients with HF and preserved LVSF compared with patients with reduced LVSF in one hospital in a northern European city.
METHODS

Identification of patients
All patients discharged from the Western Infirmary, Glasgow, are supplied with an immediate discharge letter and prescription. As part of an audit of the investigation, treatment, and outcome of patients with HF, all of the Abbreviations: ACE, angiotensin converting enzyme; COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate; HF, heart failure; LVSF, left ventricular systolic function; MDRD, modification of diet in renal disease discharge letters issued in during 2000 were reviewed for either a discharge diagnosis of HF or treatment with a combination of a diuretic and angiotensin converting enzyme (ACE) inhibitor. Case notes were reviewed for patients with a secondary diagnostic coding of HF or in whom HF was suggested by treatment with a loop diuretic/ACE inhibitor. In this case, a radiological description of pulmonary oedema on the formal chest radiograph report, in conjunction with supportive statements of typical symptoms and signs of fluid retention, was required for inclusion in this study. If these radiological and clinical features were not evident in the case record then the patient was removed from the database. Electronic death records were also searched to identify patients admitted with HF who did not survive to discharge.
Only the first emergency admission for each patient was included in this analysis. Patients with a primary or secondary diagnosis of acute myocardial infarction, identified by the presence of raised cardiac biomarkers (serum troponin . 0.2 mg/l or creatine kinase MB subfraction . 6%), were not included in this analysis. Information on height and weight was inconsistently recorded in the case notes. Consequently these variables are not reported.
Echocardiographic findings
Data were obtained by a single operator on routine echocardiograms carried out for clinical reasons on admission. It is also routine practice for all departmental echocardiograms to be co-reported by cardiology clinical staff. Reduced LVSF was defined as either a left ventricular ejection fraction , 0.40 or a qualitative report of depressed LVSF.
Haematological and biochemical measurements
Haematological and biochemical measurements made at the time of admission were also analysed.
Estimation of glomerular filtration rate Estimated glomerular filtration rate (eGFR) was calculated by an equation validated in the MDRD (modification of diet in renal disease) study as reported elsewhere 16 : Follow up for death and readmission All patients were followed up through national electronic records as previously described from their date of admission until death or 30 September 2002. 17 18 Statistical analysis Mean (SD) or median (interquartile range) was reported for continuous haematological, biochemical, and echocardiographic variables and number (%) was tabulated for categorical covariates. The continuous covariates were compared between preserved and reduced LVSF with two sample t tests (or Wilcoxon rank sum tests) and for the categorical factors Fisher's exact tests were used. A Kaplan-Meier time to event curve was plotted for death and the difference between preserved and reduced LVSF was evaluated by the log rank test. Cox regression models were fitted to estimate hazard ratios (both univariate and adjusted for creatinine, anaemia, and age) for time to death (separately for in hospital (within 30 days), one year, and longer term), time to first hospital readmission for HF (with participants censored at study end or death), time to hospital readmission for any cause (with participants censored at study end or death), and the composite outcomes of time to first hospital readmission for HF or death and time to first hospital readmission for any cause or death.
To investigate whether the multivariate predictors for (a) death and (b) death or hospital readmission for HF differed between patients with preserved and those with reduced LVSF, Cox proportional hazards regression models were fitted to all the data and then, separately, to the preserved and reduced LVSF datasets individually to establish the total set of covariates univariately predictive at p , 0.05 (and with data on at least 95% of the participants). A stepwise Cox model (p to stay and p to enter) was then fitted to this set of univariately predictive covariates and interaction terms between all of the univariately significant predictors and 
RESULTS
Baseline clinical characteristics
Of 528 patients with a discharge diagnosis of HF, 445 had a report of left ventricular function and follow up information. All subsequent analyses refer to this subset of patients. Table 1 lists their clinical characteristics. One hundred and thirty (29%) patients had preserved LVSF. More of them were women compared with the group of patients with reduced LVSF (62% v 45%, p = 0.001). Patients with reduced LVSF were more likely to have a history of angina or myocardial infarction, whereas those with preserved LVSF were more likely to have atrial fibrillation or valve disease. One hundred and twenty one (27%) patients had no other concomitant diagnosis (for example, no atrial fibrillation, valve disease, chronic obstructive pulmonary disease (COPD), or anaemia). Twenty four (18%) patients with preserved LVSF and 97 (31%) patients with reduced LVSF had no other co-morbid diagnosis (p = 0.003).
Medical treatment
The proportion of patients treated with a loop diuretic was similar in the two groups as was the mean dose of furosemide (82 (93) mg in the preserved LVSF group compared with 89 (102) mg in the reduced LVSF group). Patients with preserved LVSF were treated with an ACE inhibitor less often than those with reduced LVSF (table 1) . This was also the case for spironolactone. There was lower use of aspirin but higher use of warfarin among patients with preserved LVSF compared with those with reduced LVSF (table 1) .
Echocardiography
Compared with patients with reduced LVSF, a higher proportion of patients with preserved LVSF had left ventricular hypertrophy but a smaller proportion had left 
Haematology
Both men and women with preserved LVSF had lower haemoglobin concentrations than men and women with reduced LVSF (table 3) .
Biochemistry
The proportions of patients with an increased serum creatinine concentration and reduced eGFR were similar in patients with preserved LVSF and with reduced LVSF (table 3) .
Clinical outcomes
The median follow up was 814 days (range 632-978 days).
Duration of index hospital admission
Mean (SD) duration of admission was 7 (7) days for patients with preserved LVSF compared with 7 (6) days for those with reduced LVSF (p = 0.99).
Death
Sixteen (12%) patients with preserved LVSF and 30 (10%) patients with reduced LVSF died in hospital (log rank p = 0.38; after adjustment for other prognostic covariates (age . 65 years, renal dysfunction (eGFR , 60 ml/min/ 1.73 m 2 ), and anaemia) p = 0.63). Figure 1 shows the Kaplan-Meier survival estimates for patients with preserved and reduced LVSF. By one year, 29 (22%) patients with preserved LVSF had died compared with 93 (30%) of those with reduced LVSF (log rank p = 0.16; after covariate adjustment, p = 0.13). Survival was similar in the two groups over the whole duration of follow up-that is, 51 (39%) died in the preserved LVSF group compared with 132 (42%) in the reduced LVSF group (log rank p = 0.51; after covariate adjustment, p = 0.26).
Hospital readmission
Patients with preserved LVSF had a lower rate of readmission for HF than patients with reduced LVSF (14 (11%) v 55 (17%), p = 0.054; after covariate adjustment, p = 0.13) but a similar rate of subsequent admission for any reason (95 (73%) v 233 (74%), p = 0.72; after covariate adjustment, p = 0.58).
Death or readmission
Patients with preserved LVSF had similar rates of death or readmission for any reason to those with reduced LVSF (115 (88%) v 277 (88%), p = 0.90; after covariate (anaemia, renal dysfunction, and age . 65 years) adjustment, p = 0.63). Patients with preserved LVSF had a lower risk of death or hospital admission for HF (56 (42%) v 165 (53%), p = 0.070; adjusted p = 0.072).
Predictors of death and death or hospital readmission for HF
The set of covariates that predicted death in both the preserved and reduced LVSF groups were age, sex, haemoglobin, neutrophil count, presence of valve disease, treatment with spironolactone, and plasma concentrations of sodium and urea (table 4) . In addition, we found that COPD significantly interacted with LVSF. COPD was highly predictive of death in the preserved LVSF group but not in the reduced LVSF group. We found the same set of predictors for the outcome of death or hospital readmission for HF. However, in addition to COPD, male sex was predictive in the preserved, but not the reduced, LVSF group. There was also a significant interaction between urea and LVSF, whereby urea was a stronger predictor in the preserved group (hazard ratio 1.81) than in the reduced group (hazard ratio 1.18), although urea was still a significant predictor in the reduced LVSF group.
DISCUSSION
This study confirms the findings of prior reports and provides new information on this interesting and neglected type of HF. We observed that the prognosis of patients with HF and preserved LVSF is comparable with that of patients with reduced LVSF. The predictors of adverse outcome, however, differ between the two groups.
The proportion of patients in our study who had HF and preserved LVSF was 29%, consistent with the range of 24-55% in similar studies from the USA. 2 4 5 7 8 10 11 13 The proportion in the one Japanese study we know of was 35%. 19 In the EuroHeart failure survey 46% of participants with a measurement of LVSF had preserved systolic function, though only 64% of patients had such a measurement. 2 In our study the average age of patients with HF and preserved LVSF was 72.6 years, a little older than that of patients with reduced LVSF (mean age 70.5 years, p = 0.11). Compared with patients with reduced LVSF, more patients with a preserved LVSF tended to be older than 65 years (80% v 72%, p = 0.093). This too is consistent with prior studies where patients with preserved LVSF were older, though in only three studies were patients as old as ours. 6 7 10 Similarly, the proportion of women with preserved LVSF (62%) was comparable with previous reports.
The present report also adds new information to the growing literature on HF with preserved LVSF in a number of important ways. In earlier studies, detailed information on the prevalence and nature of co-morbid problems, such as valvar heart disease and anaemia, and their relations with outcome are not reported.
2 4 6 7 9 10 11 14 15 Furthermore, none of these reports provided a detailed description of renal function. Surprisingly, most studies also did not provide information on cardiac anatomy (determined echocardiographically).
The few existing studies describing renal function reported serum creatinine concentration, which can be an inaccurate measure, especially in frail elderly patients. We were able to calculate eGFR of our patients by using a validated formula. The majority of patients had a significant reduction in eGFR and, interestingly, the proportions with important reductions in eGFR were comparable in the two types of HF.
We also examined the prevalence of anaemia in our cohort, in view of the new interest in this co-morbidity as an independent predictor of worse outcome and because correcting anaemia may improve symptoms and outcome. We found a high overall prevalence of anaemia in our patients. Anaemia tended to be more common in patients with preserved LVSF than in those with reduced LVSF. We know of no prior report of the frequency of anaemia in a study of patients with HF that took account of ventricular function.
The most probable explanation for the HF syndrome in patients with preserved LVSF is diastolic dysfunction. The most probable substrate for this is left ventricular hypertrophy. We identified left ventricular hypertrophy (by echocardiography) in 56% of patients with preserved LVSF compared with 29% of patients with reduced LVSF. This observation is a much larger differential than in any of the prior hospital cohort studies. These earlier studies, however, generally reported ECG left ventricular hypertrophy. We also found that left atrial enlargement is as common in patients with preserved LVSF as in those with reduced LVSF. This was despite mitral regurgitation occurring more commonly in those with reduced LVSF. Furthermore, mitral valve forward flow velocity was greater in patients with preserved LVSF. Taken together, these findings suggest that left atrial pressure may have been greater in patients with preserved LVSF than in those with reduced LVSF.
We found that patients with preserved LVSF had a similar in-hospital length of stay to those with reduced LVSF, in keeping with other European 2 6 and US studies. 3 20 Very few studies have described inpatient case fatality rates. Philbin and colleagues 20 reported a 3% rate in patients with preserved compared with a 5% rate in those with reduced LVSF in New York State. Cohen-Solal and colleagues, 6 in a national survey of French hospitals, found these rates to be 3% and 8%, respectively. Ours were 12% and 10%, respectively. In other words, all three studies show that patients with preserved LVSF have a similar short term outcome.
Longer term mortality, time to first hospital readmission for any cause or for HF, and time to the composite outcome of readmission for any reason or death were similar in our patients with preserved or with reduced LVSF. We did find that the time to first readmission for HF or death was lower in patients with preserved LVSF than in patients with reduced LVSF. Overall, these findings are in keeping with the results of some 7 10 15 21 22 but not all studies 2 9 11 23 24 . The differences in findings between these studies and our own may be explained by differences in the type of population studied, such as hospitalised versus ambulatory patients, 15 co-morbidity, age, 10 and duration of follow up. 7 Common predictors of adverse outcome in patients with preserved or reduced LVSF were age, haemoglobin, neutrophil count, the presence of valve disease, treatment with spironolactone, and plasma concentrations of sodium and urea. Although most of these prognostic markers have been previously described, this is the first report of the prevalence and prognostic importance of haemoglobin in patients with HF and preserved LVSF. Furthermore, important differences were observed between patients with reduced and patients with preserved LVSF in factors that predict outcome. For example, COPD and male sex predicted mortality in patients with preserved LVSF but not in those with reduced LVSF. We have also described for the first time a quantitative interaction of renal function with LVSF, with serum urea concentration being a much stronger predictor of death or readmission for HF in patients with preserved LVSF than in those with reduced LVSF. Our findings underline the importance of other health problems in patients with preserved LVSF and are consistent with the notion that these patients are less likely to die of a cardiac problem and more likely to die of a non-cardiovascular cause in the long term. 25 Lastly, we looked at treatment. Our overall rates of use of ACE inhibitors and, especially, b blockers are much greater than in prior reports, reflecting the more contemporary nature of our study. We found higher rates of use of ACE inhibitors and spironolactone in patients with reduced LVSF than in those with preserved LVSF The differential in the use of ACE inhibitors is in keeping with previous studies and is expected. The relatively low rates of spironolactone use are also in keeping with the results of the EuroHeart failure survey. 2 Compared with other studies, we observed a greater overall use of b blockers than in some earlier reports 6 12 15 but a similar rate of b blocker use to that in one more contemporary North American population. 7 We also found similar rates of use of b blockers in the patients with preserved and reduced LVSF. Prior findings with b blockers, according to LVSF, have been less consistent, with two studies reporting higher rates of use in patients with preserved LVSF. There was a considerably greater use of warfarin in patients with preserved LVSF, in keeping with the higher prevalence of atrial fibrillation in these patients. Atrial fibrillation is an important risk factor for HF and is an adverse prognostic marker when HF is present. 26 That atrial fibrillation is more prevalent in patients with preserved LVSF suggests that it is an important co-morbid problem in these patients. Aspirin use was greater in patients with reduced LVSF, in keeping with the greater evidence of coronary heart disease in this group.
As with any study of this type there are a number of limitations. One is generic to most studies of this type: the difficulty in assuring a diagnosis of HF in patients with preserved LVSF in the absence of an ideal test for this condition. In the future natriuretic peptides may help. A second limitation is that we chose to exclude patients with a diagnosis of myocardial infarction on the basis of increased cardiac biomarkers. There has been conflicting opinion on whether patients with a primary diagnosis of myocardial infarction and secondary HF should be included in a study of HF. The issue has become even more clouded by the recognition that troponin can be increased in a minority of patients with acutely decompensated HF without a clinically recognisable myocardial infarction.
In conclusion, there were many similarities and differences between patients with preserved LVSF and those with reduced LVSF. Patients with preserved LVSF had more comorbidity including, notably, anaemia. Both groups have a similar and greatly reduced level of renal function. Despite quite distinctly different echocardiographic findings and treatment, patients with preserved LVSF had similar long term risks of death or readmission to hospital to those with reduced LVSF. Sex, COPD, and renal function are stronger predictors of adverse outcome in patients with preserved LVSF than in patients with reduced LVSF.
